INTRODUCTION
In patients with cancer, sleep quality is impaired before treatment, worsens during treatment, and remains impaired after treatments are complete. [1] [2] [3] [4] [5] [6] Thirty percent to 90% of cancer survivors report some form of impaired sleep quality posttreatment, [1] [2] [3] [4] [5] 7 which can be severe enough to increase morbidity and mortality. [1] [2] [3] [4] [5] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Impaired sleep quality-excessive daytime napping, difficulty falling asleep, difficulty staying asleep, waking up too early-is among the most distressing adverse effects experienced by cancer survivors. [1] [2] [3] [4] Despite the ubiquity of impaired sleep and its negative consequences, sleep problems are both underdiagnosed and undertreated in post-treatment cancer survivors. 4, 8, 9, 19 Treatment options for impaired sleep include the use of sedatives and hypnotics, over-the-counter sleep aids, cognitive behavioral therapy (CBT), and lifestyle interventions. 20 Unfortunately, sedatives and hypnotics lead to CNS toxicities, possible drug interactions with cancer therapeutics, dependency, rebound sleep impairment after discontinuation and, ultimately, do not cure sleep problems. CBT can be helpful but may not be appealing to everyone. [1] [2] [3] [4] 8, 9, 21, 22 Lifestyle interventions, such as exercise, provide an additional treatment option that some individuals may prefer, and current guidelines for the treatment of impaired sleep recommend using them in conjunction with drugs and CBT. [1] [2] [3] [4] [7] [8] [9] 19, [23] [24] [25] [26] [27] [28] [29] Although research supports the use of exercise for improving sleep, data are limited among post-treatment cancer survivors, particularly with regard to yoga. Yoga is an increasingly popular mind-body practice also characterized as a mindfulness mode of exercise. [30] [31] [32] [33] Hatha yoga, the foundation of all yoga styles and the most popular form, includes both Gentle Hatha and Restorative yoga and is growing in acceptance for therapeutic use in traditional Western medicine. [30] [31] [32] [33] [34] [35] [36] [37] Gentle Hatha yoga focuses on physical aspects and is part of many styles of yoga, including Iyengar, Anusara, and others. [30] [31] [32] [33] [34] Restorative yoga focuses on full relaxation and is part of the Iyengar style. 38 , 39 The combination of Gentle Hatha and Restorative yoga may provide an effective approach for improving sleep, because it uses a holistic sequence of meditative, breathing, and physical alignment exercises requiring both the active and passive engagement of skeletal muscles.
30,31,34,35,38,39 Despite yoga's popularity, only limited scientific evidence suggests that yoga may improve sleep among cancer survivors (studies include four community yoga program evaluations [40] [41] [42] [43] and seven phase I to II trials 38, [44] [45] [46] [47] [48] [49] ). To the best of our knowledge, none of these studies specifically targeted sleep or enrolled participants with sleep impairments, and no large, multicenter phase III clinical trials have confirmed these findings.
The primary aim of this clinical trial was to determine the efficacy of a standardized yoga intervention for improving global sleep quality (primary outcome) compared with standard care for post-treatment cancer survivors experiencing sleep problems. It was hypothesized that cancer survivors in the yoga condition would have better global sleep quality than survivors in the standard care condition after completing 4 weeks of yoga. Adverse events, adherence, and enjoyment are also reported.
PATIENTS AND METHODS

Study Design
The University of Rochester Cancer Center (URCC) Community Clinical Oncology Program (CCOP) Research Base conducted a nationwide, multicenter, randomized controlled trial (RCT) examining the efficacy of yoga compared with standard care for improving global sleep quality in posttreatment cancer survivors. Survivors were recruited in cohorts (n ϭ 20 to 30), stratified by sex and baseline sleep disturbance (two levels: Յ 5 or Ͼ 5 on an 11-point symptom inventory scale anchored by 0 [no sleep disturbance] and 10 [worst possible sleep disturbance]), and randomly assigned to both groups at each CCOP. Group assignment was determined by a computer-generated random numbers table in blocks of two and an allocation ratio of 1:1. Allocation was concealed from coordinators until after they registered the participants by using a computerized Web site that generated an e-mail to the research base and CCOP site. The study primary investigator and biostatistician were blinded to allocation. Participants received their allocation assignment after completing baseline assessments. Each institutional review board approved the study before participants were enrolled. Baseline measurements were completed during the week immediately before commencing the 4-week intervention, and final measurements were completed during the week immediately following completion of the intervention. As part of pre-and post-testing, participants completed all questionnaires at home and wore actigraphs on their wrists for seven consecutive days, 24 hours a day. Sleep medication use was not restricted in the study design but was monitored.
Study Participants
Cancer survivors were recruited by clinical research coordinators through the use of flyers in communities and direct contact during regularly scheduled clinic visits in 12 US cities by nine CCOPs from 2007 to 2010. Participants were enrolled 2 to 24 months postsurgery, postchemotherapy, and/or post-radiation therapy. To be eligible, survivors must (1) have a confirmed diagnosis of cancer; (2) have completed treatment for cancer; (3) have sleep disturbance (indicated by a response of Ն 3 on a clinical symptom inventory by using an 11-point scale anchored by 0 [no sleep disturbance] and 10 [worst possible sleep disturbance]); (4) be able to read English; (5) be Ն 21 years of age; (6) give written informed consent; (7) not have maintained a regular personal practice of yoga within the 3 months before enrolling onto the study or be planning to start yoga on their own during the next 4 weeks; (8) not have a confirmed diagnosis of sleep apnea; (9) not be receiving any form of treatment for cancer, with the exception of hormonal or monoclonal antibody therapy; and (10) not have metastatic cancer. Figure 1 shows the flow of cancer survivor recruitment, participation, and dropout. All participants provided informed consent before completing any study requirements.
Yoga Intervention Experimental Condition
The yoga intervention used the standardized Yoga for Cancer Survivors (YOCAS) program, designed by researchers at the University of Rochester Medical Center. All sessions were taught in community-based sites (eg, yoga studios, community centers, community oncology practices) with an average group size of 12 (range, 10 to 15) in the late afternoon or evening after 4 PM (see Table 1 for a full description of the standardized YOCAS program).
Standard Care Control Condition
The control condition used a standard care format. Cancer survivors assigned to this condition continued with the standard follow-up care provided by their treating oncologists as appropriate for their individual diagnoses. Participants in the control condition were offered the 4-week YOCAS program gratis after completing all study requirements.
Measures
Clinical and demographic information was collected by coordinators by using medical records and study-specific forms. Race and ethnicity data were collected for descriptive purposes by using the National Cancer Institute (NCI) Cancer Therapy Reporting Program criteria for clinical trials. Participants identified their race and ethnicity; categories were condensed to white, African American, and other for reporting purposes. Adherence and compliance were monitored through the use of daily patient diaries and attendance records kept by the yoga instructors. No make-up sessions were provided for missed classes. Intensity of the yoga was monitored by using the American College of Sports Medicine Rating of Perceived Exertion Scale. 50 All participants were instructed to continue their routine daily activities during the 4-week intervention period but were asked not to start a new yoga or exercise regimen on their own during this 4-week period to avoid exercise contamination. A feedback form was used to assess enjoyment and helpfulness of the yoga intervention and whether participants would recommend it to others.
The primary measure of sleep quality was the Pittsburgh Sleep Quality Index (PSQI), a psychometrically validated, patient-reported, 19-item instrument. 51 The global sleep quality score was the primary outcome and the subscale scores of global sleep quality characteristics were secondary end points (full details are presented in the Appendix, onlineonly). The YOCAS intervention is delivered by Registered Yoga Alliance instructors. To ensure intervention standardization, quality, fidelity, and prevention of drift, each yoga instructor completes a standardized training session and is provided with a detailed YOCAS instructor manual and digital video disc (DVD). A coordinator at each Community Clinical Oncology Program site also completes the same standardized training session and performs a random independent observation of YOCAS sessions to ensure proper content is being taught. YOCAS sessions are conducted in community-based group settings, free-ofcharge to participants.
Hatha and Restorative yoga include the three components of movement, breath, and awareness. The body component includes a movement component asana (postures). In the YOCAS program, asana includes seated, standing, transitional, and supine poses, with an emphasis on restorative poses using supports that were chosen on the basis of yoga theory postulating their positive influence on sleep. All asanas are given with modifications to address multi-levels of experience. The mindfulness component includes a breath component pranayama (breathing exercises) to regulate breathing and an awareness component that includes meditation instruction, visualization, and affirmation. Mindfulness is incorporated throughout the program as the practice of paying attention with nonjudgmental observation, to the present experience, for the purpose of attending to both external and internal impressions. 
‫ء‬
Participants were excluded if they were practicing yoga within the 3 months prior to enrolling onto the study or planning to start yoga on their own during the time they were enrolled. Current participation in other types of exercise was permitted.
Actigraphy was a secondary objective measure of global sleep quality characteristics including sleep onset latency, wake after sleep onset, and sleep efficiency (see Appendix for full details on this measure).
Adverse Events
Adverse events were monitored by the URCC Data Safety Monitoring Committee. All unexpected, serious, life-threatening, and fatal adverse events were reported.
Statistical Analyses
On the basis of published data, 51 and assuming a correlation coefficient of 0.50 between pre-and post-treatment observations and a standard deviation of 4.7, 160 patients per study arm provides 80% power to detect a difference between arms of 1.3 in the mean PSQI global sleep quality score at a significance level of 5% with a two-sided F test using analysis of covariance (ANCOVA). Analyses were performed with SAS Version 9.2 and R Version 2.13.1. Clinical and demographic variables were examined with two-tailed (␣ ϭ 52 for categorical variables to test population differences between arms. ANCOVAs, with arm as the factor, baseline as the covariate, and arm by baseline interaction, were used to evaluate arm effects for the post-treatment PSQI global sleep quality score and actigraphy outcomes. Ordinal logistic regression (OLR; proportional odds), with arm as a factor, baseline as a covariate, and arm by baseline interaction terms, was used to evaluate arm effects for the posttreatment PSQI subscale scores. If the interaction was significant (P Յ .10), it was retained in the model. Estimated within-group effects from the ANCOVAs and OLRs were expressed in terms of pre-post mean differences. Estimated between-group effects were expressed in terms of between-group mean differences or odds ratios for ANCOVAs and OLRs, respectively. All data were analyzed by using the intent-to-treat principle. Analyses were based on complete cases because analyses revealed results in which missing data were missing completely at random, 53 and sensitivity analyses using multiple imputation revealed no significant differences when reporting the actual real data for complete cases versus estimated data with imputations (see Appendix and Appendix Table A1 , online only, for a full description of intent-to-treat, missing completely at random, and sensitivity analyses).
RESULTS
Four hundred thirteen survivors were consented between 2007 and 2010. Three patients were deemed ineligible. The 410 eligible survivors were randomly assigned to yoga (n ϭ 206) or standard care (n ϭ 204), Figure 1 shows participant flow and loss to follow-up.
Baseline Characteristics of Participants
There were no significant differences between groups in baseline characteristics overall or by CCOP location, the probability of withdrawal or loss to follow-up by group assignment, or in completers versus noncompleters. Twenty-two percent of participants did not provide fully evaluable data; this is typical for clinical trials conducted in the NCI multisite CCOP network. Participants reported withdrawing largely for personal reasons, illness, and treatment-related issues, not because of dissatisfaction with the yoga intervention. Table 2 shows the baseline data for the 410 participants who were consented and eligible before random assignment, and the baseline data were separated into the two study arms. Both groups met the clinical cutoff criterion for impaired sleep quality at baseline with PSQI scores above 8.
Attendance and Adherence
Attendance records showed that survivors assigned to the yoga arm attended an average of 6.5 of the 8 prescribed sessions (Fig 2) . The average total dose of yoga for the entire 4-week intervention period was 480 minutes of the prescribed 600 minutes. Although not required, participants in the yoga condition were told that they could practice the yoga they learned in class on their own outside of class. On the basis of daily diaries, survivors in the yoga arm reported a total of three sessions combining class-based and home-based yoga each week for an average of 182 minutes with a perceived exertion rating of 3.4 (moderate). Exercise contamination in the control condition was minimal; seven participants reported an average of 20 minutes of yoga one time each week with a perceived exertion rating of 1.0 (very weak) during the intervention period.
Patient-Reported Sleep Quality Variables From PSQI
Participants in the yoga condition demonstrated significantly greater improvements in the primary outcome of global sleep quality (P Ͻ .01) at postintervention compared with control participants. In addition, the yoga participants demonstrated significantly greater improvements in the characteristics that define global sleep quality (secondary outcomes) including daytime dysfunction (P Ͻ .01), subjective sleep quality (P Ͻ .05), and sleep medication use (P Ͻ .05) at postintervention compared with participants in the control condition (Table 3 and Fig 2) .
Participants in the yoga condition demonstrated significant improvements in sleep quality, including global sleep quality (P Ͻ .01), sleep latency (P Ͻ .01), sleep duration (P Ͻ .05), sleep efficiency (P Ͻ .01), sleep disturbances (P Ͻ .05), subjective sleep quality (P Ͻ .01), and daytime dysfunction (P Ͻ .01), but not sleep medication use over the 4-week intervention period. Participants in the standard care condition also demonstrated significant NOTE. Mean differences are reported at different baseline values when a significant arm-baseline interaction is present (ie, actigraphy end points). Pittsburgh Sleep Quality Index (PSQI) values represent actual scores on the measure, and actigraphy data are presented in minutes for sleep onset latency and wake after sleep onset, and as a percent for sleep efficiency. Within-group differences are expressed as mean difference for PSQI and actigraphy data. Between-group differences are expressed as mean differences for the global sleep quality PSQI score and actigraphy and as odds ratios (ORs) for the PSQI subscales with controls as the reference. Abbreviation: YOCAS, Yoga for Cancer Survivors.
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‫ء‬
Mean values were obtained from analysis of covariance models. †ORs were obtained from ordinal logistic regression models. ‡Indicates a simultaneous test of the arm main effect and the arm-baseline interaction (ie, overall test of arm). §Indicates a significant arm-baseline interaction.
improvements in global sleep quality (P Ͻ .01), sleep efficiency (P Ͻ .05), sleep disturbance (P Յ .01), and subjective sleep quality (P Ͻ .01), but not in sleep latency, sleep duration, daytime dysfunction, or sleep medication use.
Clinical Significance and Medication Use
Participants in both groups demonstrated average baseline global sleep quality scores of 9.0 (above the accepted clinical criterion of Ն 8.0) on the PSQI, indicating clinically impaired sleep quality. Yoga participants exhibited large improvements in sleep quality (d ϭ 0.62) from pre-to postintervention, suggesting a clinically meaningful improvement, 54-57 although the control group did not (d ϭ 0.37). In addition, participants in the yoga group reduced their sleep medication use by 21% per week, but participants in the control condition increased their sleep medication use by 5% per week resulting in a significant difference in medication use between groups at postintervention. Ninety percent of cancer survivors found yoga useful for improving their sleep quality, and 100% would recommend yoga to other cancer survivors experiencing sleep problems with 63% highly recommending it, further supporting clinically meaningful improvements.
Objective Sleep Quality Variables From Actigraphy
Yoga participants showed significantly greater improvements in wake after sleep onset (P Ͻ .01) and sleep efficiency (P Ͻ .01) at postintervention compared with control participants. Interactions showed that participants in the yoga group who demonstrated 60 minutes or more of wakefulness after sleep onset or a sleep efficiency of Յ 60% at baseline derived the greatest reductions in wake after sleep onset and the greatest improvements in sleep efficiency.
Adverse Events
One patient had a serious adverse event-supraventricular tachycardia, considered grade 2 and unrelated to the study intervention-during the study period. No other serious adverse events were reported.
DISCUSSION
This RCT demonstrates that the YOCAS program is a useful therapy for post-treatment cancer survivors with impaired sleep. Yoga participants demonstrated significantly greater improvements in global sleep quality and, secondarily, subjective sleep quality, daytime dysfunction, wake after sleep onset, sleep efficiency, and medication use at postintervention compared with standard care participants. Although both groups showed significant improvements in global sleep quality, sleep efficiency, sleep disturbances, and subjective sleep quality, improvements were greater in the yoga participants, and only the yoga participants also showed significant improvements in sleep latency, sleep duration, and daytime dysfunction. Furthermore, participants in the yoga group decreased sleep medication use by 21%, while the standard care group increased sleep medication use by 5% resulting in significant differences between the groups at postintervention. These results suggest that the improvements in global sleep quality experienced by yoga participants may be related to reductions in daytime dysfunction characterized by less daytime napping and lower fatigue ultimately resulting in better sleep continuity, while the improvements in global sleep quality in the control group may be due, at least in part, to continued use of sleep medication. Importantly, our objective actigraphy results (although changes were small because of high variability) corroborate the PSQI patient-reported outcomes, which demonstrate improvements in sleep quality stemming from yoga participation. These results are generalizable to post-treatment cancer survivors receiving follow-up care in US CCOPs.
Results from this first nationwide, multicenter, phase III RCT comparing yoga to standard care for improving sleep quality confirm previous findings 38,40-49 that suggest yoga is efficacious for improving sleep quality among cancer survivors. Results extend previous findings by integrating Gentle Hatha and Restorative yoga postures in a standardized yoga program and demonstrating the ability to effectively disseminate and administer a standardized yoga intervention in a variety of community settings across the United States to successfully treat impaired sleep quality among cancer survivors.
These results also provide important information regarding potentially meaningful clinical thresholds for screening patients and making treatment recommendations. Specifically, we found that even patients who self-report mild to moderate global sleep quality impairment report sleep benefits when completing the YOCAS program. In addition, patients who objectively demonstrate more than 1 hour of wakefulness in the middle of the night, very poor sleep efficiency (60% or lower), or some combination of these characteristics derive the greatest benefits from participation in the YOCAS program, specifically, improved sleep with reduced use of medication.
Despite its positive results, this study has limitations. The study did not control for specific components such as time or attention because this would have required the use of a placebo yoga intervention for the YOCAS program; however, no validated approach for placebo-controlled yoga interventions exists. The results are not generalizable to all types of yoga. Of the participants who expressed interest and enrolled onto the study, the majority were female, white, married, well-educated breast cancer survivors, limiting generalizability. Although this is typical of studies conducted through the NCI CCOP Network, it suggests that focused attention is needed to find ways to increase under-represented cancer survivors' interest in yoga to improve their sleep quality. The lack of a triple-blind study design was dealt with, in part, by including objective actigraphy assessments and blinding the study principal investigator and biostatistician throughout the primary analyses. There were no long-term follow-ups to assess sustainability of benefits. Lastly, 22% of enrolled participants were lost to follow-up and/or did not provide fully evaluable data. Although there were no significant differences between completers and noncompleters on demographic characteristics, future trials need to look for ways to improve retention.
In conclusion, our findings indicate that yoga, specifically the Gentle Hatha and Restorative yoga components in the YOCAS program, improves sleep quality among post-treatment cancer survivors. Further phase III studies are needed that replicate these findings, increase the length and intensity of yoga to increase the magnitude of sleep benefits, conduct long-term follow-up assessments to determine the sustainability of sleep benefits, compare yoga to established effective treatments for sleep (eg, cognitive behavioral therapy and 
